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processing of low - a v i t y  crudes a t  the Yynneirood, OlGahom re f inery  of gerr- 
HcGee Oil Lxlustries, Inc., affords asphal t  as a irzjor p r o k c t ,  .md azoong the  ajar 
e f f o r t s  of the Kerr-I&ke research g o u p  hzs been t h e  Fnt-esti,@ticn of ne:.! uces f o r  

The developxent of comerc is l ly  feasible  z&?-oo-ls ? O r  

sepzrating vacuum reduced crufie i n t o  the a s p k l t i c  coxpor?snt$ usual ly  referred t o  2s 
as$xlt2nes, res ins ,  and o i l s  afforded u.s a q l e  a?xmt<ties of t!?ose xzter i2 ls  for 
Lives t ip t ion  LQ a search f o r  nsw uses for  these su:mtancss 9s raw m t e r i a l s  i n  the 
chemical 2nd a l l i e d  isdustr ies .  

, I spha l t  and asphal t  fractions.  

c,-- I 

Q proper control of the conclitions of s e p r a t i o n  it i s  cozeiS1.-, to p-eyxre 
resinou.s f ract ions of ErqTi-nZ physical properties a s  r e f l x s e d  5y r5 .2 sy?d 'CELL 
softening point, hardness, penetration, etc. 

Although these res in  f ract ions k v s  industr-21 uses of t h e i r  0;r-5 as  ?or e:!-~le 
i n  piiizts, rubber, t i l e ,  emlsions,  en& others,  projects were u??e3,zken ?or %%e 
cheri.cz.1 zodif ics t ion of these fract ions i n  sezrch of en t i re ly  r.ew ut i l ize t ion  cf  
these coqor?ents 2s chexiczl r2T.I n t e r i a l s .  

,-' 

Thz higher zoleculer Meight f n i c t i o i s  of these res ins  a re  re la t ive ly  ~ 2 7 1 ~ :  
highly condensed rdxed aro~~tic-alip~~tic-napfithenir, S t e r i d s ,  L=rgely h./cirscz:boz 
i n  mture ,  but conbinin,o xizor percexLd,-es of sulfkr a n i  o q g i r i  a o c t  pro'czX7 
present as heterocyclic Tuxt ion.  
tedious and expensive processes it e3nezred _ _  tkt on17 s L z l e  c k e ~ . c - l  tyer tzent  or" 
the  resins  iiiiight r e s - d t  i n  desirable  chznges in th-a Fro?syties o f  thsse su3sences, 
which might.give r i se  t o  useful products. 

Vithout extellrive I'rzstionntioz bi extrezely 

Amng the reections ir?vestigzted :;ifiich did., indeed, afi'ord usei'd irter:-?di"tes 
01 eyJ procdcts 1.,2s t h z t  0: t r e z t i c g  *:&? z-ltizg r e s k  ~ ~ ~ . c . c t i c p s  -&%h e 
si;lfoi:.zting ege:its. 
volyes sulfcnstion, sQf2ti.02, ard oxidstice condsnsntion z2d i s  .;rc'w'cLy 2.p csi-plex 
as the somwhzt analogous well-!zom *LsUlr'cr.atic??lL of coel. 
a s p h d t i c  f w c t i o n s  investigated a r e  fusible  a t  (re32ti.iel.i) Lcu t eqe r ;5c res ,  5r.i 50 
i n  the  EeC'r2nkZd processing of the la t ter ,  dust  a d  1izes zrislncr I'roz gizdl.ng 
operations a r e  not l o s t  t.o ciiezie.1 processing, i nazxck  as the  dcs t  ~ 2 . i  l i r . z j  =:.c be 

,-L--UJ sf 
The course oc tl.3 re-ctioy:s I . i i t h _  these refs_!i$S 2T-ar??it:y in -  _ -  

ua::;swr, iinlike 2c-l ths ? 

' nelted, csst ,  2nd regrouil. 

A single sdfonat ion  (the terr? s~to!:nti.cn i s   we^ vitk the  Liderck.:.?i>:g t k L t  

the reactions involve6 a r e  considerab1;z zcre cox$sx tk i  i s  -iyFliel by tpAs tera; 
however, it i s  convenient t o  use th i s  ra ther  t h r ?  "co~$.ex r e e c t i o n  1:ith sulr"oreticij- 
sulfat ing a,-en+,s!' which is  w h z t  it i s  iztenr',eS ts iq?j) :&thy f o r  
concer:tl--ted ssI.fwic acld yislck, v i t h  a varlet37 of .zsp'mltic resb-ous z.teri;ls, z 
product ~ h i c h  i s  readi ly  vet bj ?rater end i r? fus ibe ,  vherecs i t  7,Cl.l ts rocog~izsd  
t h i t  the s t a r t i n g  m t e r i a l  is  essentially- h:ydrqho'oic i?. E-~Z-P 2-22 i s  rer5.i::. f.cLs& 
without nore than r h o r  decoqositio:. 
asp-haltenes) less f r i a b l e  tbxx the s b r t i n g  s t e r i a l .  
change properties, as w i l l  be seen fron the lLGjccer-icenL~l!: section. 

The s2fonated pro?uct i s  her ler  and 
It possesses poor cation ex- 

Hovever, a r e t r e a b e n t  of t h i s  product .:i-th addi t ional  s d f c n a t i r ;  
does afford products useful a s  cation-e:.rcil?.nge r a t e r i d s  opemtive in both the 



hydrogen and sodiun cycle, and of c z p c i t y  and operat-kg charac te r i s t ics  essent ia l ly  
indistinguishable f ron  comerc ia l  %uLtonnted coal11 cet ion excfienge products, with 
which the better products vere compared. . 
having s t i s f a c t o r y  ion exchange a p a c i t y ,  good physics1 s t a b i l i t y  and resis tance to 
a t t r i t i on ;  they a re  economically regenerated, a r e  f r ee  from color throw-off in the 
alkali lcetal forms and are washed free of excess regenerant with a reasonable VOlUrne 
of wash water. 

The hardness and in fus ib i l i t y  of the once sulfonated "intermediate pGoduct" led  

Thus granuLar xa te r ia l s  were pr-md 

t o  the t e s t ing  of these substances as coldng materials f o r  the preparation of an 
actimitable adsorbent char(5). It m y  be pointed out  t h a t  slow c o b g  of asphal t ic  
res in  f ract ions (resins o r  a s p k l t e n e s )  is preceded by fusion, evolution of gaseous 
pyrolysPs products u i t h  concodtant  profuse foasling u n t i l  the mzterial is we'd 
carbonized, whereupon a l i gh t  porous f r i ab le  product i s  l e f t  having essent ia l ly  no 
u t i l i t y  a s  an act ivatable  char. 
sulfonated intermediate product d e r i n b l e  from t h e  same, resinous material affords  is 
go& yield a bard granular carbon, the granules of a size e s sen t i a l ly  the sane a s  t he  
s t a r t i ng  m t e r i z l .  No fusing or  foaming occurs, and the char is readi ly  activated bs 
the  usual well-horn methods t o  give a very ac t ive  adsorbent of sat isfactory hzrdness 
characterist ics.  

On the  other hand, slow charring of a properly- 

The relat ionship of the or ig ina l  resinous nraterial t o  the "sulfonated" product 
i s  largely t h a t  of binder to base material  a s  defined by Ynrgan and Fink(7). These 
investigators c less i f ied  binders a s  substances which, on carbonization, "swell, be- 
COEE nacroporous and G e l d  a lustrous char." During the  carbonization the r a t e r i a l  
goes through a plas t ic ,  or even a l iquid stage, during which effervescence aocompany- 
i n g  the expulsion of vo la t i l e  rnstter gives rise t o  the swelling with building of the 
macropomus structure.  k s e  m t e r i a l s ,  on the other band, should ?lot becom p la s t i c  
or f lu id  duricg carSonisation, but ra ther  should have a r ig id  oriented structure. 
Other desirable  character is t ics  02 a base m t e r i a l  a r e  that it shoulc! be large 
ring-chain m1ecul.e u i th  oxygen or  other vo la t i l e  consti tuents io the ring." 

Inasnuch as binder na t e r i a l s  carbonize to  give (a f te r  act ivat ion)  carbons of low 
ac t iv i ty ,  these investigations conclude that such substances a re  i n  the xmin not very 
desirable as r a w  na te r ia l s  f o r  a c t i m t e d  carbon, 

S in i la r ,  though perhaps not as broad, conclusions were reached by Bureau of Xines 
Investi@tors(2) who found that cerixin bituminous and subbituminous coals, natural  
cokes, p i tch  cokes and petroleum cokes did not yield sa t i s fac tory  adsorbent carbons 
by nethods which, with desirable r a w  m t e r i a l s ,  mre successful. 

Apparently the reactions attending the su l fur ic  acid treatment of the asphal t ic  
res ins  - e.g., sulfonation, sulfation, and oxidative condensation serve to transform 
these asphal t ic  resinous materials fron a binder (qual i ty  unknown) i n to  a very satis- 
factory base m t e r i a l .  
conversion depends upon the re la t ive  binder/hse character is t ics  of the asphal t ic  
resin, and i s  most economically a quant i ty  vhich w i l l  effect  enough oxidative con- 
densation t o  nininize fusio2 during charring. 
about 3.5 par t s  o f  95% su l fur ic  acid per part of r e s in  effects ,  during a two-hour 
nsulfonztionlt period, conversion in to  a sa t i s fac tory  base mterjhl. 
in to  an a c t i n t a b l e  char, the sulfonetion product, without i so la t ion  o r  washing is 
slowly heated t o  coking temperature (about 550-600OC) in the absence of a i r .  During 
the heating period, excess acid,  some sulfur dioxide, H2S, and even elementary sulfur 
are evolved along with water, and l a t e r ,  as temperatures i n  excess of about ,$00-45O0 
are  a t k i n e d ,  carbonaceous pyrolyt ic  decomposition products a r e  evolved. 
can be sa t i s f ac to r i ly  activated by the usual methods (stean) t o  afford act ive adsorbent 
chars io  good yield. 

a projuct which my & resulfonated t o  yield useful cation exchange m t e r i a l s  or  which 

Tlharnount of sulf'uric acid which is required t o  e f f ec t  the 

W t h  penlane-precipitated_asphaltenes, 

For conversion 

The char 

Thus examinstion of sulfonating reactions on asphal t ic  res in  f ract ions leads t o  
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can be carbonized and a c t i m t e d  to give a good a c t i m t e d  carbon, 

Preparation of Cation Lm&mge 2ktsriais 

The reaction between hard a s p k l t s  or asphal t ic  res ins  a;?d s-le sulfoWtTkg 
agent such as concentrated sulfuric acid is very slov a t  arfcient tznperatn_res, becolUhg 
nore rapid as  the temperature r i s e s  t o  a b u t  70°C. Above this t e q e r a t u r e  the re- 
act ion proceeds rapidly, accoqanied Ir jvigorous evolution of SQ as the acid 
oxidizes par t  of the asphal t ic  m t e r i a l .  
sequence the reaction mst be carr ied out- i n  oversize equipaent w i t h  adequate s t i f i ing .  
Useful s t a r t i ng  inaterials fo r  prepamtion of e i the r  the cation exchange m t e n a l s  

about 270° and asphaltic res ins  , asphaltenes , o r  d x t u r e s  thereof h a g  similar 
softening point properties, 

The .mixture foams pers i s ten t ly  and i n  con- 

, or the a c t i m t e d  char were found t o  be blown asphalts of softening point in  excess of 

Simple asphaltenes were very useful. 2s s t a r t i ng  naterials.  

1, Sulfonation of  Asphltenes 

Fused and subsequently ground pentane-precipitated asphaltenes derived f rom a 
vacuum reduced z s p k l t  (penetration 89, softening point EO*) 'were screened, and 
the 2O/4O nesh fract ion retained. Fines were remelted, a s t  t o  so l id i fy  2nd reground. 
For the prel ia inary sulfonation 100 par t s  of the 2O/4O mesh r e t e r i i l  were t reated with 
540 parts by weight of 95% su i fur ic  acid i n  a res in  reaction f"us'r equipped v i th  an 
e f f i c i en t  s t i r r e r  and vented f o r  the escape of gases. 
t o  the ground m t e r i a l  slowly, the mture was alloved t o  reach its equilibrium 
temperature (about 45OC) and was then slowly heated on a steam 'cath. 
violent  foaning which ensues, the tecperature mst be raised slovly -.one-f.alf t o  338 
hour k i n g  required to reach mximm s t e m  b t h  temperature which i s  mintained f o r  
a period of about two hours. The reaction had la rge ly  moderated a t  t h e  end of this 
t h e  under these conditions and most of the ac id  appeared t o  &,absorbed. 
was cooled and poured into a large excess of  cold wzter. 'Fines prduced i~ the  sul- 
fonation were rewved by hc!mshi!g in  a large cjilinder. 
fram the sol id  product is a tedious operation and is a t  best not wholly siccessxW. 

The sulfuric acid - i s  added 

&cause 3f The 

The ~ i x ~ u r e  

'dashing of ezcess acid 

To t e s t  the product f o r  ion exchange capacity, twelve p i n s  of the wshed and 
dr ied r a t e r i a l  was transferred t o  a half-inch diaaeter  glass c o l m  and a l te rna te ly  
exhausted and regenerated by treatment witin d i l u t e  sodium hydroxide followed by d i l u t e  
hydrochloric acid. After several  cycles of t h i s  sort, the product was regenemted 
with 4 Nom1 hydrochlo?ic acid. 
or" water (about f i f t y  column volunes) and the m t e r i a l  i n  the hydrogen Corn was fo-md 
bp standard c o l m  tes t ing  methods to have an exchange capacity of only about 0.35 
m.e.q./gam. 
wzter containing 400 ppa hardness expressed as C a C 9 ) .  
poor ion exchange r a t e r i a l ,  

2. Resulfonation of Intermediate Product 

To wash out the excess acid required over a l i t e r  

(Twelve grains exchanged hydrogen for the cations i n  a b u t  550 rd of 'hard 
Thus this product i s  a very 

The intermediate sulfonated prodnct prepared (above) was fur ther  activated by 

The oleurn was added slowly while t5e mkture weis cooled i n  order t o  preTrent 
t rea t ing  150 parts  of the dried raterial v i t h  80 parts of 20;$ oleum in sinilar eq5.p- 
ment. 
excessive heating and foaming. -k@i! when equilibrium t e q e n t u r e  ES established, 
the mixture was heated slowly t o  steam bath t o q e r a t u r e s  and maintained f o r  two houx.  
The product was 'ldrowned out" a f t e r  cooling and thcroughly washed, f i n a l l y  in +he 
sodiuq form Kith hot water. A twelve-gran sanrple of this product required sonewkt 
l e s s  than 100 m l  of wash water to f r ee  it of  excess acid after regeneration, and in 
standard column operation exchnged hydrogen f o r  the cations i n  2,150 id of 400 ppm 
hard water before leakage reached 5$ of the or iginal  t o t s 1  hardness. 
inproved product had a working capacity of approximtely 1.43 m.e.q. per gram. 

This much- - 
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3, I Double Sulfonation without Intermediate &olation of Product 

A quantity of 20/40 mesh asphaltene uasy sulfonated with 5.5 times i ts  weight Of 
concentrated sulfur ic  ac id  as i n  the  first ekmple. After  the  i n i t i a l  sulfonation 
the mixture uas cooled and a quantity of 20% oleum equal i n  weight to the  or ig ina l  
s - m i c  ac id  ubarged vas slowly added, after which heating vas resumed. b r e  S@ 
vas evolved and the mix tu re  again foamed as badly a s  during the  or ig ina l  sulfonation. 
After an addi t ional  two hours a t  steam bath temperature the reaction was terminated 
and the product vas washed. 
exhibited color throw-off on lengthy standing i n  the  sodium form i n  contact with Water- 
This was believed due to smll amounts of lower molecular weight sdfate/sulfonates.  
To eliminate These, the washed m t e r i a l  w s  soaked i n  hot (9OoC) 2@ sodium hydroxide 
for about six hours and then was thoroughly washed with hot water. 

The m t e r i a l  possessed high exchange a p a c i t ?  but 

This r a t e r i a l  exhibited ion exchange capacity in both the hydrogen and sodim 
cycles coaparable with tha t  of c o m r c i a l l y  avai lable  sulfonated coals. 
off  WELS not 'noticeable,  regeneration and washing requirenents were essent ia l ly  those 
of comerc ia l  SULtonated coal. Yield of the twice-sulfonated m t e r i a l  was about 1.4 
tires the weight of pentane a s p b l t e n e s  charged, 
f ron sinilar sulfonations carried out on an oxidized asphal t  and a i r  oxidized asphal t ic  
resins. , 

Color throw- 

Quite s i a i l a r  products were obtained 

Preparation of Activated Carbons 

A s p e c i d  apparatus vas constructed of fused quartz for prepariqg and ac t iva t ing  
c h r s  from sulfonated m t e r i a l s .  The m j o r  components of this apparatus were a steam 
superheater and a carbonizing and act ivat ing vessel, both constructed of fused quartz. 
The superheater was a quartz m c r o  combustion tube 314" x 30" with b a l l  jo in ts  a t  the 
ends snd heated by a standard e l ec t r i c  combustion furnace, 

r h i s  vsssel  vas larger 2-1 diazieter (2") and shorter (10"). 
e lec t r i ca l ly  by furnace elenents which f i t  c losely for most of i t s  length. 
m s  controlled by a large variable t,ransforrer. 
jo in t  attached 118-31 the botton a t  right angles to i t s  axis. 
sqerhea ted  steam fro= the combustion tube. A grat ing of quartz w s  Ficluded ju s t  
above the steaa inlet .  
or' ths  tube was b t t l e  shaped Ih th  a socket j o in t  f inish.  
jo in t  f i t t i n g  carrying a thermocouple and a condenser. 

The ac t iva t ing  vessel  w s  somewbat simikr but arranged i n  a ver t ica l  position. 
It was a lso  heated 

Temperature 
The lower end vas closed arrd a socket 

This joint  received 

This helped d is t r ibu te  the s t e m  uniformily. The upper end 
This socket accepted a bal l  

Steam r a t e  was neasured by pressure drop across a calibrated o r i f i ce  between the 

Appro-tely 40 grams o f  dry, grandar ,  sulfonated m t e r i a l  vas charged to the 

supply liae and the inlet t o  the superheater tube. 

vessel  and carbonized without steam a t  50C-550°C. 
t ha t  desired f o r  act ivat ion,  and steam ad i i t t ed  a t  a r a t e  suf f ic ien t  t o  suspend or 
f lu id ize  the bed of carbon. 
act ivat ion vessel  was discontinued but superheated steam was continued u n t i l  t he  
temperature of the car'mn hctd f a l l en  bemw 5OO0C a t  which t h e  the steam was shut off. 
The carbon m s  allowed to cool thoroughly before disconnecting the apparatus. 

The temperature was then raised t o  

A t  the  end of the time of activntion, heating of the 

I ,  

1. Activated Carbon fron Asphaltenes 

Two-h&dred gram of pentane precipi-tated asphaltenes were slorrly coked i n  the 
absence of a i r .  
rjl,tter, so that the r a t e  of heaxing required careful  monitoring t o  aver t  mechanical 
loss of m t e r i a l .  
fo r  about Zen minutes e f t e r  esseot ia l ly  all p p o l y s i s  products h d  been evolved, 
cmled porous, f r i ab le  residue (104 g. )  was crushed and screened, the 20/.40 mesh 
fract ion (54 g.) being retained. 

Foaming was severe because of fusion and evolution of vo la t i l e  

The f i n a l  temperature of coking was 5OO0C and heating was continued 
The 

Activation f o r  30 rlinutes a t  975OC wikh excess of 

Ti  ' 
I: j 
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superheated s t e a m  afforded 19-7 grams (4.855 &sed on asphaltenes) O f  an 'activated 
carbon' which ha$ a ccl4 service time(1,3,8) of 36 seconds. 
asphaltene coke would be considered worthless a s  an act ive char, 

Thus, the activated 

\ 

2. Activated carbon f r o m  Sulfonated Asohltenes 

100 g. of 20140 nesh asphaltenes ;as t rea ted  with 200 inl (370 9 . )  of concentrated 
I 
I\\ 
1 su l fur ic  acid, heated to M t e r  k i th  temperature and maintained ?or two hcurs. 

temperature was sloi& raised un t i l  a f i na l  temperature oi' 4MoC was attained, 
evolution of S q  attended the whole operztion. 
e l in ina te  a smll m u n t  of f q e s  and the 2O/LO nesh f rac t ion  coked a t  50O-55O0C u n t i l  

The 
Copious 

\ The dry product titis screened t o  

I evolution of gases had ceased. Elf the c k r  (38.5 g,),was act ivated n i t h  steam a t  
800°C f o r  35 ninutes to yield 36 g. of act ivated carbon having a CC1 1 

service tim of 
185 seconds. "he other half of the char M S  s t e m - a c t i m t e d  a t  950° t for 35 n!inutes 
t o  yield 2.4 g. of activated carM having a C C l 4  service time of 1028 seconds. 
once-tested carbon_ vas regenerated for seven 13inutes a t  975OC and exhibited a CCI.4 
service t i n e  of 1050 seconds. 
hardness and have been prepared under conditions which field carbons having C C l 4  service 
times a s  high a s  160 seconds. 

The 

The products are granular, of f a i r l y  sz t i s f i c to ry  
i. 

' .  

! 

The a c t i v i t y  of tine carbon increased with increasing i e q e r a t u r e  o f  act ivat ion 

A t  these teaperatures, f ie ld  of a c t i n t e d  
up to  about 85C-875°C. 
nore ac t ive  tbzn tha t  ob taked  a t  850°C. 
carbon decreased rapidly with increased retention' time and with i n c r e z s k g  temperature. 
These f z c t s  a r e  i n  general accord 16th and com*im observztions m d e  by previous 
inve stistors. (6) 

Thus, carbon act ivated a t  tenperatures zbove 9CO°C has no 

. O . . . . . . . . . . . O  
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